INTRODUCTION
In recognition of the need to address the steadily increasing rates of overweight and obesity in veterans receiving care in the Veterans Health Administration (VHA), as well as active duty service members, in 2014 the Department of Veterans Affairs (VA) and Department of Defense (DoD) published an updated, evidence-based Clinical Practice Guideline for Screening of Management of Overweight and Obesity (VADoD CPG). 1 Although the VA-DoD CPG included recommendations regarding which interventions should be offered, it did not specify how they should be implemented at the health system level. 2 Moreover, there is limited knowledge informing resource allocation at the health system level. For example, it is unclear whether efforts should emphasize reaching new veterans with weight management treatment, re-engaging veterans who have stopped attending, or increasing contact with current participants. Informed by other evidence-based recommendations, [3] [4] [5] [6] the VA-DoD CPG emphasizes comprehensive lifestyle interventions (CLI; combines dietary, physical activity, and behavioral strategies) as a key element of weight management for veterans who are obese or overweight with an obesity-associated condition. Based on findings that intensive, multicomponent lifestyle interventions were associated with significantly greater weight loss than less intensive interventions, the VA-DoD CPG recommends CLI with at least 12 contacts within 12 months. 3, 4 In the VHA, the VA-DoD CPG is operationalized through the MOVE! Weight Management Program for Veterans (MOVE!). Guided by national policy, MOVE! is an evidence-based CLI designed as a series of sessions with structured curricula. Delivery has ranged from 8 to 16 sessions per series. 7 VHA facility-based MOVE! staff lead program activities and tailor programming to the veterans they serve. Veterans may choose to participate in the series of sessions individually or in a group format, and participation may be in person, by telephone, by video, or a combination thereof.
During the 10 years since national implementation, over 650,000 veterans have participated in MOVE!. However, a national evaluation of MOVE! through 2010 found that 42% of first-time participants never attend more than one MOVE! session. 8 Far below the recommended 12 contacts, utilization patterns have indicated that first-time MOVE! participants attended 4.6 visits on average. While the VA-DoD CPG recommends CLI that include at least 12 contacts over 12 months based on evidence that the most effective interventions are of high intensity, i.e., 12 to 26 sessions in a year, 3, 4, 6 it is unclear whether there is a threshold of visits or contacts below which no effect on weight loss is observed, and the nature of the dose-response relationship is not well understood.
Limited conclusions can be drawn from comparing published studies of MOVE! due to variability in how treatment intensity, weight change outcomes, and time parameters are defined. A study of one VHA region encompassing eight facilities found that intensive treatment, defined as six or more visits, was associated with greater mean weight loss at 12 months. 9 Another VHA study of high-intensity MOVE! treatment, defined dichotomously as attending 14 or more sessions within the first 6 months, found that veterans were almost five times as likely to achieve 5% weight reduction at 6 months. 10 In comparison, a study conducted at a different VHA facility categorized treatment participation into 0, 1-2, or ≥3 visits, and found that veterans with ≥3 visits had a larger mean percentage change in body weight. 11 Moreover, several evaluations of MOVE! have been limited to single-site designs or a focus on special populations (e.g., veterans with specific diagnoses), and thus may lack the exposure contrast needed to assess how variation in participation is related to weight loss. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , This VHA-wide study builds on findings from prior national evaluations of MOVE! programming 7, 16 by examining the relationship between MOVE! participation, categorized into various levels of contact, and weight outcomes. A greater understanding of the dose-response relationship will inform VHA policy and planning for optimizing resource allocation between reach (i.e., the number of people who participate in the intervention) and engagement (i.e., the extent to which people participate in the intervention).
METHODS

Cohort
This nationwide study included all veterans receiving care in VHA who participated in at least one MOVE! session. Due to the episodic nature of weight management care, each veteran's MOVE! participation was conceptualized into episodes that were separated by the absence of a MOVE! visit for ≥6 months, as applicable. In this study, we assessed veterans' most recent MOVE! episodes that were initiated during the 10- A veteran's most recent episode of MOVE! care was defined by the initiation date, i.e., the date of the first MOVE! visit or contact as identified in the electronic health record (EHR). We defined the 12 months prior to initiation as Bpreinitiation^and the 12 months following initiation as Bpostinitiation.^A contact was defined as any clinical encounter between the veteran and a clinical professional in the EHR coded as BMOVE!^that was conducted in person, by telephone, or by video (Online Appendix A).
Veterans whose EHR indicated bariatric surgery (Current Procedural Terminology codes 43644, 43645, 43770, 43775, 43842, 43843, 43845, 43846, or 43847) anytime prior to the end of post-initiation were excluded from this study (n = 1830).
Data Sources
Predictor, covariate, and outcome data from the EHR were accessed through the VHA Corporate Data Warehouse, a repository of all EHRs for VHA facilities across the nation. Data on participation were available from every MOVE! program, as well as demographic information, weight measurements, medication use, and procedure coding. 
Predictor
The primary predictor of interest was the number of MOVE! contacts post-initiation. These were categorized as follows: 1, 2-5, 6-9, 10-13, 14-17, and 18 or more, for a total of six categories. For purposes of this study, episodes of MOVE! that continued longer than 12 months were truncated, and veterans with one contact during their most recent episode of care were used as the reference group.
Outcomes
Weight and height measurements taken during routine health care, including MOVE! participation, were obtained from the VHA's EHR. Using a multi-step process, weight and height values that were identified as outliers were excluded (Online Appendix B).
The primary outcome was the proportion of veterans with clinically relevant weight loss (≥5% body weight loss) at 12 months following initiation. [6] [7] [8] 20, 21 We assigned each veteran's initiation weight as the weight taken closest to initiation up to 30 days prior to or 7 days after initiation. Similarly, we assigned each veteran's post-initiation weight as the weight taken closest to 365 days after initiation, up to 60 days prior to and 60 days following the target date. Veterans who did not have weight values meeting the aforementioned time windows were excluded from the analysis (n = 200,181, Online Appendix C). The percentage body weight change was calculated as the difference between initiation weight and post-initiation weight divided by initiation weight.
The secondary outcome of interest was the mean change in weight trajectory from pre-initiation to post-initiation. Veterans with fewer than three weight measurements documented in the medical record during pre-initiation and three during post-initiation were also excluded from the analysis (n = 149,251), resulting in a sample of 237,577 veterans. The linear trends (i.e., slopes) of all weights available in the EHR separately during pre-and post-initiation were calculated in the percentage change in body weight from initiation per year. Change in weight trajectory was defined as the difference between pre-initiation and post-initiation weight trends, where a negative change in weight trajectory indicated that an individual reduced their slope from pre-to post-initiation (not necessarily that the individual lost weight). For example, a veteran who was gaining weight pre-initiation at a rate of +5% per year, and had since attenuated that gain to maintain a stable weight (which is a post-initiation weight trajectory of 0% per year), would experience a −5% change in weight trajectory per year (i.e. change in slope).
Covariates
A variety of demographic variables were available from the EHR, including age, gender, self-identified race, and marital status. Clinical variables were used to characterize the cohort, including body mass index (BMI; categorized into overweight: 25 to <30, obese class I: 30 to <35, obese class II: 35 to <40, and obese class III: ≥40), participation in TeleMOVE! 22 (an 82-day disease management protocol for weight management delivered through home telehealth technologies, i.e., in-home messaging devices) during pre-or postinitiation, history of obesogenic 23 medication use (at least a 30-day fill of amitriptyline, mirtazapine, olanzapine, quetiapine, risperidone, gabapentin, tolbutamide, pioglitazone, glimepiride, glyburide, glipizide, sitagliptin, or nateglinide) anytime before the end of post-initiation, and history of leptogenic medication use (at least a 30-day fill of sibutramine, orlistat, phentermine, phentermine/topiramate, or lorcaserin) anytime before the end of post-initiation. Naltrexone/bupropion and liraglutide, approved for the treatment of obesity near the end of our study period, were not included as leptogenic medications because no veterans in the cohort were prescribed them before the end of post-initiation.
Analysis
Analyses were conducted using SAS version 9.4 software (SAS Institute Inc., Cary, NC) with an alpha of 0.05. Primary analyses used logistic regression to estimate the odds of achieving clinically relevant weight loss at 1 year post-initiation, with unadjusted and adjusted analyses (with age, gender, marital status, participation in TeleMOVE!, history of obesogenic medication use, and history of leptogenic medication use). Secondary analyses involved estimating linear trends in pre-initiation and post-initiation weight trajectories, then assessing the difference from pre-to post-initiation as the change in weight trajectory per veteran.
RESULTS
The cohort of 237,577 veterans was, on average, 54.4 years old at initiation, i.e., the start of their most recent MOVE! episode ( Table 1 ). The majority of the veterans were male (87.4%) and self-identified as racially white (72.9%), and half were married (50.6%). At initiation, veterans weighed 110.8 kg on average, and 81.9% were considered obese based 
Secondary Analysis
Using all weights available in the EHR, we estimated each veteran's pre-and post-initiation weight trajectory. More than half of veterans (53.8%) had pre-initiation trajectories characterized by weight gain of more than 1% per year (data not shown). Table 2 shows the mean change in weight trajectory from pre-initiation to post-initiation for each category of participation. Veterans with one contact had a mean change in weight trajectory of −1.76% of body weight per year (95% CI: −1.96 to −1.55). In essence, these veterans Bbent^their weight trajectory curves as they moved from pre-initiation to postinitiation by −1.76% body weight change per year on average. Veterans with 2-5 contacts experienced a significantly greater mean change in weight trajectory of −2.04 (95% CI: −2.23 to −1.85) compared to those with one contact. Veterans in additional categories of increasing participation had significantly greater mean change in weight trajectory compared to veterans with one contact.
DISCUSSION
This study revealed that veterans with six or more MOVE! contacts in the year following treatment initiation were significantly more likely to achieve clinically relevant weight loss than those with one contact, with greater participation further increasing the odds of clinically relevant weight loss. In contrast, veterans with two to five contacts had the same odds of achieving clinically relevant weight loss as veterans with only one contact. While it is difficult to establish a minimum recommended dose for a clinically relevant effect, it appears that there may be a threshold around six contacts. Although some veterans in our cohort had >30 contacts per year, it is unclear whether there is an upper limit where the effect of increasing contacts on achieving clinically relevant weight loss plateaus. To our knowledge, no studies to date have explored this question, and further research is needed.
Our findings are consistent with other studies showing that increased participation is associated with increased weight loss. However, the magnitude of the effect was not well understood because of different definitions for predictors and outcomes. One study of eight VHA facilities found that intensive treatment (≥6 visits) was associated with greater weight loss at 12 months than nonparticipation. 9 Similarly, a recent study reported that veterans who attended ≥14 sessions within 6 months were found to have increased odds of achieving ≥5% weight loss at 6 months compared to participants with fewer visits, while controlling for age, gender, and race (OR: 4.74, 95% CI: 1.3-17.2). 10 Using a continuous predictor, another VHA study found increased odds of achieving ≥5% weight loss per additional group visit (OR: 1.05, 95% CI: 1.01-1.08). 24 In addition, few studies have assessed MOVE! across multiple VHA facilities, which limits generalizability. Our nationwide study allowed for multiple levels of the predictor with exposure contrast, and assessed outcomes across all MOVE! programs.
Our findings on changes in weight trajectory involved a novel approach that sought to characterize participants by pre-initiation weight trajectory and to identify changes in post-initiation. To our knowledge, this has been done in only one other published MOVE! study, an interrupted time series analysis at a single VHA facility. 13 The study found that MOVE! participants were gaining 2 kg/year on average before enrolling in MOVE!, but were losing an average of 1.6 kg/year following participation in 10 weekly group sessions. Our weight trajectory analysis found that over half of the study population had weight gain trajectories pre-initiation. Additional research on weight trends before participation in weight management is needed, because it is possible that changing one's weight trajectory may be considered clinically meaningful in the absence of a 5% body weight loss. Change in weight trajectory may be an important outcome that demonstrates treatment effect before weight loss is observed.
Several aspects of this study are noteworthy, including the availability of weight values collected through routine health care, allowing for examination of weight outcomes for veterans who did not complete the traditional MOVE! series as designed. Other strengths of the study include the national cohort of veterans participating in MOVE! across all VHA facilities, the large sample size, variability in the number of contacts across veterans, accounting for medication use, and the cohort of primarily older men (compared to many commercial weight loss evaluations that report mostly on women). 25 However, there were several limitations to the study, one of which was the lack of a comparison group of individuals without MOVE! contacts. Additionally, our study may have introduced bias by excluding veterans with an insufficient number of weight measurements in the EHR (Online Appendix C), limiting findings to participants who remained engaged in the VHA care for at least 1 year post-initiation. Although extensive effort was made to identify outlier weight values from the EHR (Online Appendix B), the relatively high frequency of inaccurate weights suggests that erroneous values may have been included and potential non-differential misclassification of outcomes.
The primary outcome of interest, weight change 1 year post-initiation of treatment, was chosen specifically to allow for equal follow-up time after treatment initiation. This choice may have inflated the relative effects of longer versus shorter treatment duration (i.e., more vs. fewer MOVE! contacts), because weight change has been shown to be greatest at the end of treatment, often followed by weight regain. [26] [27] [28] This study did not examine how veterans' short-term weight change may impact longer-term weight change.
We also did not evaluate how veteran characteristics that promoted engagement differed across the categories of contacts. Because this study assessed the number of contacts per veteran regardless of intervention delivery modality, it is unclear how participation in a single modality (e.g., in-person visits, telephone care, video) or a combination of modalities is related to weight outcomes. Similarly, while participation in TeleMOVE! was accounted for, it was not possible to identify concurrent adjunctive weight management program participation (e.g., commercial weight management programs), and therefore their respective contributions to reported weight changes cannot be assessed.
There are several policy implications of our findings. The VHA should provide policy guidance that supports increasing participation of veterans who have initiated MOVE!. For example, an initiative to provide MOVE! staff with training in patient-centered health communication strategies could enhance the skills that impact patient engagement. In addition, future MOVE! programming could involve offerings that vary by intensity-e.g., 6-session series, 12-session series-so that veterans may choose, up front, what they are willing to commit to. At the patient level, results from this study could be used by providers as they engage in shared decision-making with veterans who are considering initiating, continuing, or discontinuing participation in MOVE!. While not all veterans may be ready or able to attend 12 or more sessions over the course of a year, a veteran who has attended six sessions, for example, may be encouraged to know that attendance at a few more sessions could have added benefit.
Overall, many veterans participating in the VHA's MOVE! program have achieved clinically relevant weight loss, and this proportion differs by level of program engagement. Further characterization of key predictors of weight loss is needed to understand how participation may modify weight change and its implications for increasing engagement. * The unit for weight trajectory was estimated in % body weight change per year, such that a change from pre-to post-initiation is shown as the absolute difference in % body weight change per year
